Previous cohort studies have demonstrated a positive association between diabetes mellitus (DM) and colorectal cancer (CRC). However, there are few comparisons between DM groups categorized by fasting glucose level. This study examined associations between diabetes as defined by fasting glucose level and self-reported history of DM and CRC risk among Korean adults. Data from the Korean Multi-center Cancer Cohort between 1993 and 2005 were analyzed. The study population comprised 14,570 participants aged 20 years or older. Participants were followed until December 31, 2012 (median follow-up: 11.9 years). Among participants with high fasting glucose (!126mg/dL), the risk of developing CRC was significantly higher (HR: 1.51 [1.02-2.25]) than among participants with low fasting glucose (<126mg/dL). Risk was not significantly higher among participants with self-reported history of DM (HR: 1.34 [0.78-2.31]). When both fasting glucose and history of DM were considered together, the risk of CRC among participants with both high fasting glucose and history of DM was 54% (HR: 1.54 [0.97-2.43]), and the risk of CRC among participants with high fasting glucose and no history of DM was 50% (HR: 1.50 [0.73-3.05]). When the first 5 years of follow-up were excluded, among participants with high fasting glucose, the risk of developing CRC was significantly higher (HR: 1.61 [1.02-2.56]) than among participants with low fasting glucose. Risk of CRC was also significantly higher among participants with high fasting glucose and no history of DM (HR: 1.69 [1.01-2.84]). High fasting glucose and self-reported history of DM were associated with increased risk of CRC in this Korean population.
Introduction
According to the Korea Central Cancer Registry, 225,343 individuals (111,599 men; 113,744 women) were diagnosed cancer in 2015, and the lifetime risk of developing cancer was 38.3% for men and 35.0% for women. [1] Colorectal cancer is the second most common cancer a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 among men, the third most common cancer among women, and the third most common cancer overall in Korea. The age-standardized incidence rate per 100,000 population for colorectal cancer in 2013 was 46.9 for men and 25.5 for women. The age-standardized incidence rate for both sexes steadily increased until 2011; the rate started to decline in 2012, especially among men. [1] Despite this decrease, the incidence rate for colorectal cancer is still higher compared with other types of cancer. Studying the correlation of various environmental risk factors and the prevalence of colorectal cancer is crucial.
Incidence of diabetes mellitus is increasing worldwide. [2] In Korea, mortality due to diabetes mellitus and its complications has also been increasing. [3] According to the Korean Statistics Office, the age-standardized mortality rate for diabetes mellitus was 12.8 per 100,000 population in 2015, which was lower than the previous year.
[4] Among individuals aged 30 years or older, the age-standardized prevalence of diabetes mellitus was close to 9% for the decade between 2000 and 2010 and increased to 10.2% in 2014. Among all Koreans aged 30 years or older, the prevalence of diabetes mellitus was 9.5% in 2015; among men prevalence was 11.0% and among women it was 8.0%. [5] However, awareness of diabetes mellitus among Koreans aged 30 years or older, i.e., the proportion of people with diabetes mellitus who were aware of their condition was about 70% between 2008 and 2010, and had not improved from 2005. [6] Awareness was shown to be higher among women than among men, and among older patients. The treatment rate (the proportion of people treated with glucose-lowering medications or insulin injections) was about 60% and was also higher among women and older patients.
Some studies have reported higher risk of colorectal cancer among patients with diabetes mellitus compared with individuals who do not have diabetes mellitus. Common known risk factors for both diabetes mellitus and colorectal cancer include Western diet, obesity, smoking, and low levels of physical activity. [7] Four meta-analysis studies on the association of diabetes mellitus and the risk of colorectal cancer have included around 33 cohort studies. [7] [8] [9] [10] When we compared the risk ratio of colorectal cancer according to sex in the 17 cohort studies in which the study population included both sexes, risk for colorectal cancer was higher among men than among women in 12 studies; 5 studies showed otherwise. [9, 10] In a previous study conducted in Korea on the association of fasting serum glucose level and risk of cancer, women had higher risk (relative risk [RR]: 1.17 [0.98-1.40]) than men (RR 1.11 [1.00-1.24]). Among men with high fasting serum glucose (FSG) (!140mg/dL), the mortality ratio due to colorectal cancer was 1.31 [1.03-1.67] and was statistically significant, whereas the same association for women was not statistically significant. [11] In this study we assessed the association between diabetes mellitus and colorectal cancer risk in the Korean population. The objective of the study was to investigate and compare colorectal cancer risk among participants of the Korean Multi-center Cancer Cohort study with diabetes mellitus in groups defined by fasting glucose measurements and self-reported history of diabetes mellitus.
Materials and methods

Study population
The Korean Multi-center Cancer Cohort is a population-based prospective cohort study designed to investigate the relationship between exposures to environmental factors, lifestyle factors, and the risk of cancer in Korea. [12] A total of 20,636 participants (8,235 men and 12,401 women) were recruited from six geographic areas of Korea from 1993 to 2005. For these analyses, we excluded participants who had no information on age at cohort recruitment (1,182 men and 1,792 women), whose fasting glucose level information was incomplete or who had no information about history of diabetes mellitus (1,007 men and 1,575 women), who were aged 20 years or younger (156 men and 334 women), who had a prior diagnosis of colorectal cancer (6 men and 13 women), or who were censored within one month from the baseline survey (1 man). After these exclusions, 14,570 participants (5,883 men and 8,687 women) were included in the final analysis. This study was approved by the Institutional Review Board (IRB) at Seoul National University Hospital (IRB number: 1407-097-597).
Data collection
Study participants answered questions about age, education level, cigarette smoking and alcohol drinking habits, regular exercise status and history of cancer. The structured study questionnaire was administered by trained interviewers. [13] Body mass index (BMI) was calculated by dividing weight by height squared and categorized as <18.5, 18.5-22, 23-24, and !25. Height and weight information was directly measured using standard methods at the time of the physical examination. [12] Participants' level of physical activity was determined by asking questions about how long they engaged in various moderate physical activities (i.e., walking, playing golf, bowling, riding a bicycle on a flat road, sports, dancing, cleaning, etc.). Participants were also asked whether a physician had ever told them they had diabetes mellitus or a colorectal polyp. Following a standard protocol, participants fasted for at least 6 hours before blood collection. After sampling whole blood in serum-separating tubes, centrifugation of the sample followed in order to separate the serum. The hexokinase method was used for in vitro quantitative measurement of glucose concentrations.
Statistical analysis
Cohort participants were followed for cancer occurrence by using the Korea Central Cancer Registry database and for deaths up to December 31, 2012 by linking to the death certificate database of the Korean Statistics Office. Colorectal cancer cases were defined using ICD-10 codes C18 (malignant carcinoid tumors of the colon), C19 (malignant neoplasm rectosigmoid junction), and C20 (malignant neoplasm of rectum). [14] The follow-up period for each participant was defined as the duration from recruitment to the end of follow-up. In the case of colorectal cancer cases, the end of follow-up was defined as the diagnosis date. For participants who were not diagnosed with colorectal cancer, the end of follow-up was defined as the date of death or December 31, 2012. The population as of the middle of the year 2000 was used as the standard population in the direct standardization.
Fasting glucose level and history of diabetes mellitus were both used as criteria for defining diabetes mellitus cases. Participants who had reported being previously diagnosed with diabetes mellitus by a doctor were defined as a diabetes mellitus case. Participants were also categorized according to their fasting glucose level as follows: normal group (fasting glucose < 126mg/dL) or diabetic group (fasting glucose ! 126mg/dL) by using the World Health Organization and American Diabetes Association criteria. [15, 16] Participants were further categorized using both definitions as follows: normal (fasting glucose < 126mg/dL and no history of diabetes mellitus), fasting glucose < 126mg/dL and a history of diabetes mellitus, fasting glucose !126mg/dL and a history of diabetes mellitus, and undiagnosed (fasting glucose !126mg/dL and no history of diabetes mellitus).
We used the Pearson chi-square test to assess the association between fasting glucose level and demographic variables. A Cox proportional hazards model was used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) of colorectal cancer according to the fasting glucose level. The time scale used in the Cox model was age during follow-up. The potential confounding variables considered were sex, education level, physical activity level, BMI, cigarette smoking, alcohol consumption, and geographic area. After conducting a likelihood ratio test, adjustments were made only for sex and geographic area. All statistical analyses were performed by using SAS software version 9.4 (SAS Institute Inc., Cary, North Carolina, United States). Table 1 shows the general characteristics of the participants according to fasting glucose level. The average age of study participants was 54.3 years for men (standard deviation: 14.2) and 55.2 years for women (standard deviation: 13.0). A total of 728 participants (279 men, 449 women) reported a history of diabetes mellitus, and 49.5% of men and 52.8% of women with prior diagnosis of diabetes mellitus had higher fasting glucose level. During a median of 11.9 years of follow-up and 181,655 person-years of observation, there were 189 colorectal cancer cases (97 men and 92 women). A total of 35 participants (22 men and 13 women) reported a history of colorectal polyps. More than half of participants were aged 50 to 69 years at baseline, and the majority of participants with a prior diagnosis of diabetes mellitus were older than age 60 years. Participants with history of diabetes mellitus had higher BMI than their counterparts with no diabetes mellitus history. The proportion of current drinkers and current smokers was higher in normal glucose-level group compared to the diabetes mellitus group.
Results
The HRs and 95% CIs for colorectal cancer according to fasting glucose level are shown in Table 2 . Among participants with high fasting glucose (!126mg/dL), the risk of developing colorectal cancer was higher (HR: 1.51 [1.02-2.25]) compared with participants with low fasting glucose (<126mg/dL). Risk was also higher among participants with a history of diabetes mellitus (HR: 1.34 [0.78-2.31]), although the difference was not statistically significant. Female participants with a self-reported diagnosis of diabetes by a doctor had significantly increased risk (HR: 2.07 [1.07-4.00]). When both fasting glucose and history of diabetes mellitus were considered, the risk of colorectal cancer was non-significantly elevated among participants with high fasting glucose and no history of diabetes mellitus (HR: 1.54 [0.97-2.43]). Participants with high fasting glucose and a history of diabetes mellitus had a non-significantly elevated risk of colorectal cancer (HR: 1.50 [0.73-3.05]).
Since few colorectal cancer cases occurred during the early period of follow-up, a sensitivity analysis was conducted by excluding the first 2 (S1 Table) , 5, and 10 (S2 Table) years of followup. The HRs and 95% CIs for colorectal cancer according to fasting glucose level when the first 5 years of follow-up was excluded are shown in Table 3 . Among participants with high fasting glucose (!126mg/dL), the risk of developing colorectal cancer was significantly higher (HR: 1.61 [1.02-2.56]) compared with participants with low fasting glucose (<126mg/dL). When fasting glucose and history of diabetes mellitus were considered together, the risk of colorectal cancer was significantly higher among participants with high fasting glucose and no history of diabetes mellitus (HR: 1.69 [1.01-2.84]).
When glucose level was considered as a continuous variable, colorectal cancer risk increased incrementally according to each 10 mg/dL change in fasting glucose level (Tables 2  and 3 ). When all participants were included in the analysis, the risk of colorectal cancer rose by 2% per 10 mg/dL change in fasting glucose level (Table 2) . When the first 5 years of followup were excluded, the risk of developing colorectal cancer rose by 3% per 10 mg/dL change in fasting glucose level ( 
Discussion
This study found that fasting glucose level and self-reported history of diabetes mellitus were each related to increased risk for colorectal cancer. When both fasting glucose and history of diabetes mellitus were considered together as indicators of diabetes, the risk for colorectal cancer also increased. After direct standardization of the population, incidence of colorectal cancer among participants aged 20 years or older per 100,000 population was 51.5 for men, and 37.7 for women. This was lower than the indirectly age-standardized incidence rate of colorectal cancer in 2012 among Koreans aged 20 years or older (64.0 men and 44.5 women), whereas it was higher than the age-standardized incidence rate in 1999 (33.2 men, 26.6 women). Considering that colorectal cancer incidence had rapidly increased between 1999 and 2012 in Korea, the incidence rate among Korean Multi-center Cancer Cohort participants is comparable to the colorectal cancer incidence in Korean population. [17] In our study, when diabetes mellitus was defined as the proportion of people whose fasting glucose level was !126mg/dL or as the proportion of people who self-reported diagnosis of diabetes by a doctor, prevalence was 12.6%. According to the Korean National Health and Nutrition Examination Survey I (KHANES I) report in 1998, the prevalence of diabetes mellitus in adults aged 20 years or older was 9.3% (men, 10.5%; women, 8.2%). [18] The age standardized prevalence was 21.0% among all adults aged 50 to 59 years, 18.7% among those aged 60 to 69 years, and 15.8% among those aged 70 years or older. [18] Considering that more than half of our study's participants were over age 50 years, the prevalence of diabetes mellitus that we found is higher than that reported by the 1998 study. Prevalence appeared to increase with age and was as high as 20% among Koreans aged 50 or older with diabetes mellitus among both sexes. This prevalence is similar to that reported by KHANES in 2005. [19] The awareness rate in our study-the proportion of people whose fasting glucose level was !126mg/dL or who reported a diagnosis of diabetes mellitus-was 39.3% in 1995 when the baseline survey was first conducted. The awareness rate according to KHANES was 40.4% in 1998, which increased to 43% in 2001 and then to 66.5% in 2005. [18] Probable explanations for this phenomenon may be that 20 years ago awareness of diabetes mellitus in the general population was uncommon and the health check-up service that is now available to every citizen did not exist.
People who were previously diagnosed as having diabetes mellitus but whose fasting glucose levels were lower than 126mg/dL comprised 18.9% of diabetic patients in our study population. Since Hb1Ac was not measured during the baseline survey (the time of cohort recruitment), no control rate could be calculated. In 2013, the control rate of diabetes mellitus in people aged 50 years or older was about 20%. [6] Risk for colorectal cancer was 57% higher among participants with high fasting glucose levels and a history of diabetes mellitus, compared with participants in the normal fasting glucose level group and no history of diabetes mellitus. According to the National Health Insurance Service cohort study in 2005, risk for colorectal cancer among participants with diabetes mellitus (FSG >126mg/dL) compared with the control group (FSG <90mg/dL) was 1.13 (95% CI: 1.03-1.23; adjusted for age, cigarette smoking, and alcohol consumption). [11] The Cardiovascular Health Study cohort reported that the highest FSG level group (>140 mg/dL or diagnosed with diabetes mellitus) had an 80% higher risk (95% CI: 1.0-3.1) of developing colorectal cancer compared with participants in the lowest FSG level group, which is higher than our result (adjusted for age, sex, and physical activity). According to the usual protocol for diagnosing diabetes mellitus, when fasting glucose is higher than 126mg/dL with no unequivocal hyperglycemia, another measurement of fasting glucose should be taken. [15] Since our classification of participants into the diabetic group was based on a one-time measurement at the time of cohort recruitment, there could be limitations in applying this study result to the treatment of patients with diabetes mellitus. [13] There are two main biological mechanisms related to incidence of colorectal cancer: the hyperinsulinemia hypothesis and the endogenous estradiol-associated hypothesis. Abdominal obesity and type 2 diabetes are associated with metabolic conditions that have been associated with higher risk for cancer and insulin resistance. [20] Obesity is known to be a proinflammatory condition, and inflammation of adipose tissue contributes to increases in proinflammatory cytokine levels and changes in circulating adipokine concentrations. [20] Insulin resistance in adipose tissue, the liver, and skeletal muscle could cause hyperinsulinemia, an increase in insulin production by pancreatic beta cells. [20] Hyperinsulinemia affects the differentiation of intestinal epithelial cells and contributes to colorectal neoplasia. [21] It has been reported in animal studies that the increase of insulin resistance markers such as serum insulin, glucose, fatty acids, and triglycerides could contribute to cancer risk as the energy source and growth factor necessary for the colorectal cancer tissue growth, eventually increasing risk for cancer. [21] C-peptide is produced simultaneously with insulin in the pancreas; its half-life is longer than that of insulin, making it a more stable biomarker. Increases in C-peptide levels have been associated with 37% higher colorectal cancer risk. [22] The overexpression of insulin receptors has been associated with induced colorectal tumors. [23] The expression of estrogen receptors has been closely linked with colorectal cancer progression. [24] This study has several strengths. First, the order of incidence was made clear by assessing the association of diabetes mellitus and colorectal cancer within a prospective cohort study. Since the median follow-up period for colorectal cancer patients was 11.9 years and the fasting glucose test was done at the time of cohort recruitment, participants were followed for an ample amount of time. Second, we categorized participants as having diabetes mellitus by using both the fasting glucose level measurement from the baseline blood test and self-reported history of diabetes mellitus as criteria for inclusion in the diabetic group, which resulted in higher validity. Thus, we could assess risk for colorectal cancer among diabetes mellitus patients who had not previously been diagnosed. This group of undiagnosed participants turned out to be the largest of all the groups (n = 931), demonstrating that control of diabetes mellitus could significantly lower the risk of colorectal cancer. Third, by using data from the baseline survey (at the time of cohort recruitment), there was a lower possibility of confounding due to recall bias. [13] Fourth, the loss-to-follow-up was minimized by linking our data with Korea Central Cancer Registry and death certificate data. [25] This study has several limitations, which are as follows. First, the statistical power is low. Among the 189 colorectal cancer patients, only 29 had diabetes mellitus (fasting glucose > 126mg/dL), which accounted for 0.2% of study participants. Only 35 participants reported having a previous history of colorectal polyps, and there were no data available to assess the statistical significance of whether the polyp was a precancerous condition. Although information on the anatomical distribution of colorectal cancer was available through the Korea Central Cancer Registry, the number of patients in each sub-site analysis was small, and the statistical power remained low. Second, the assessment of some variables was limited by the information collected by the cohort recruitment questionnaire. For example, no comparison of risk for colorectal cancer associated with type 1 diabetes mellitus versus type 2 diabetes mellitus could be conducted, as the questionnaire did not distinguish between the two types. [13] Nevertheless, from an epidemiologic point of view, the majority of the study population had type 2 diabetes. The prevalence of type 1 diabetes in Korea is 0.017% to 0.021% in the entire population. [26] Additionally, no information on treatment methods, such as use of glucose-lowering medications or insulin injections, was available, and a control rate could not be calculated. However, it was possible to identify how many participants maintained control of their fasting glucose level. Third, the cohort recruitment area included some rural neighborhoods, and 21.0% of study participants were classified as having no formal education. There could have been a differential misclassification bias among participants with a low awareness of diabetes mellitus. However, the possibility of misclassification bias was likely mitigated by classifying participants as having diabetes mellitus according to their fasting glucose level from the blood test. Fourth, the usage of serum glucose and fasting period of at least 6 hours could have influenced the results. It is known that serum glucose value is lower than plasma glucose value by 1.15%. [27] Plasma, rather than serum, is suggested by leading clinical organizations like ADA to measure blood glucose level. Since serum glucose is lower than plasma glucose, the diabetic group being defined as fasting serum glucose ! 126mg/dL criteria could have included more participants than measuring plasma glucose level. For this reason, if there is a causal relationship between the high fasting glucose and colorectal cancer, the hazard ratio of colorectal cancer according to the fasting glucose could have been overestimated. In addition, ADA defines fasting as no caloric intake for at least 8 hours. [15] In our study, participants underwent a fasting period of at least 6 hours, which could have led to a higher glucose level. In this case, the effect of hazard ratio of colorectal cancer according to the fasting glucose level is toward the null.
Conclusion
Both fasting glucose level and self-reported history of diabetes mellitus were associated with increased colorectal cancer risk in the Korean Multi-center Cancer Cohort. In this study, fasting glucose level was more strongly associated with the higher risk for colorectal cancer than self-reported history of diabetes mellitus. This demonstrates that blood test results are supplementary to history of diabetes mellitus, and when both are considered, the result can be explained in a consistent manner in which the risk of colorectal cancer increases. 
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